proteins. Based on the optimal binding region in SLP-76, a was able to partially substitute for Gads in signaling downstream of the T cell receptor. These results proseries of peptides was generated containing an alanine substitution at each position from alanine 232 to isoleuvide a molecular explanation for the specific role of Gads in T cell receptor signaling, and identify a discine 242. Only arginine 237 and lysine 240 residues were necessary for GST-Gads binding (Figure 2A) . Alanine crete subclass of SH3 domains whose binding is desubstitution of any of the other residues, including the pendent on a core R-X-X-K motif.
Figure 1. Gads Binding Proteins Share an Amino Acid Motif Similar to SLP-76
(A) Refinement of the minimal Gads SH3 domain binding motif in SLP-76. Peptides (15-mer), scanning through the binding region of SLP-76, were synthesized and spotted on a cellulose filter as previously described [9] . The filter was blocked with 5% skim milk powder in TBS-T and probed with full-length GST-Gads C-SH3 fusion protein (2 g/ml for 3 hr). Bound fusion protein was detected by blotting with monoclonal anti-GST antibody. 
These results show that the R-X-X-K motif in SLP-76 is
These results confirm that, while the proline residues are not strictly essential for Gads C-SH3 domain recogessential for Gads C-SH3 binding in vivo. Additionally, we determined that SLP-76 mutants P233A, R237A, nition, they contribute to the affinity of the interaction. 3A and 3B) . Binding of the Gads SH3 more, SLP-76 has been shown to associate with PLC␥ domain allowed virtually no substitutions of the R237 or directly, and therefore it could retain some ability to K240 residue and only noncharged residues at the Ϫ2 induce NFAT activation even in the complete absence (235) position. The proline residues at positions 233 and of Gads association [15] . 241 were dispensable, and binding to the Gads C-SH3 was retained when they were exchanged for any amino acid ( Figure 3A) . were strongly selected at additional positions. For inby fluorescence polarization (Figures 3C and 3D) . The Gads C-SH3 domain bound to SLP-76, Gab1, and BLNK stance, a strong preference for isoleucine, leucine, or phenylalanine existed at position Ϫ2, relative to the conpeptides with K D ϭ 240 Ϯ 45 nM, 550 Ϯ 70 nM, and 610 Ϯ 80 nM, respectively ( Figure 3C ). By contrast, the served arginine, suggesting a possible hydrophobic pocket interaction at this position. Interestingly, a strong Grb2 C-SH3 domain bound to SLP-76, Gab1, and BLNK peptides with K D ϭ 10.8 Ϯ 2 M, 5.1 Ϯ 0.8 M, and preference against proline at positions Ϫ1, ϩ1, ϩ2, and ϩ4 relative to the conserved arginine is also evident for 13 Ϯ 3 M, respectively. Thus, the relative affinity of the Gads C-SH3 domain for SLP-76 is approximately 40-Grb2. The Gads SH3 domain also accepted any amino acid, except proline, at positions ϩ1 and ϩ2. This is fold higher than that of the Grb2 C-SH3 domain for the same peptide. This 40-fold difference in binding affinity particularly striking as this indicates that the creation of a conventional P-X-X-P ligand within the context of the suggests that in T cells, where both Grb2 and Gads are expressed, the specificity as well as the relative affinity SLP-76 peptide is not favorable for binding to either Gads or Grb2 SH3 domains. Thus, future structural exof the C-SH3 domain of Gads regulates the formation of Gads-SLP-76 complexes. In vitro, the affinity of the amination of the binding of this class of SH3 domains to R-X-X-K peptides will be particularly interesting.
. An R-X-X-K Motif Is Essential for Both Gads and Grb-2 Carboxy-Terminal SH3 Domain Recognition (A and B) Peptide arrays were constructed according to the Spots synthesis method as previously described [9]. Each amino acid of the SLP-76 binding motif (vertical axis) was substituted with each natural amino acid (horizontal axis). Membranes were blocked overnight in 5% skim milk and incubated with (A) 2 g/ml of GST-Gads-C-SH3 or (B) GST-Grb2-C-SH3 fusion proteins, and bound protein was detected as described
Gads C-SH3 domain for two well-known Grb2 binding partners BLNK and Gab1 is also higher than that of the Since the C-SH3 domains of both Grb2 and Gads appear to bind to the conserved R-X-X-K motif present in SLPGrb2 SH3 domain, indicating that other factors influence the formation of Grb2 versus Gads complexes with these 76, the question remained as to why only a Gads-SLP-76 interaction occurs in vivo. To address this question, the targets. binding affinities of Grb2 and Gads carboxy-terminal SH3 domains for SLP-76, Gab1, and Blnk peptides were
The Gads SH3 Domain Confers SLP-76 Binding and TCR Signaling Properties to Grb2 assessed. Fluorescein-labeled peptides corresponding to the R-X-X-K-containing regions of SLP-76, Gab1, and On the basis of the observations above, indicating that the carboxy-terminal SH3 domain of Gads mediates its BLNK were synthesized and employed as probes to measure the equilibrium dissociation constants for bindspecific function in TCR signaling, we examined whether substitution of the carboxy-terminal SH3 domain of Grb2 ing to the C-SH3 domains of Gads and Grb2 in solution Figure 4A ). Flag epitope-tagged wild-type Grb2, Gads, and the chithat Grb2 C-SH3, Gads C-SH3, Grap C-SH3, STAM, and Hbp (STAM2) SH3 domains cluster as a group commeric Grb2-Gads(C-SH3) were transiently expressed in Jurkat cells and immunoprecipitated with anti-FLAG anprised of 16 SH3 domains that separate from the bulk of the SH3 domains at the first branch point (Supplementibodies. SLP-76 did not bind to wild-type Grb2, whereas both Gads and the chimera coimmunoprecipitated entary Material). Therefore, we suggest that the carboxyterminal SH3 domains of Gads, Grb2, and Grap, the dogenous SLP-76 ( Figure 4B ). To determine whether the chimera is functional in TCR signaling, we expressed STAM and HBP SH3 domains, as well as other SH3 domains with a specificity for cognate peptide ligands the chimera in Jurkat T cells and measured NFAT activation, as a distal indicator of TCR activation. As previously with a conserved R-X-X-K motif, may be considered as a separate subclass of SH3 domains. reported, Gads synergized with SLP-76 to enhance NFAT while Grb2 coexpression had no effect ( Figure  4C ). When the C-SH3 domain of Grb2 was replaced with
